The effects of different proportions of green-colored waste glass (WG) cullet on the mechanical and fracture properties of selfcompacting concrete (SCC) were experimentally investigated. Waste bottles were collected, washed, crushed, and sieved to prepare the cullet used in this study. Cullet was incorporated at different percentages (0%, 20%, 40%, 60%, 80%, and 100% by weight) instead of natural fine aggregate (NFA) and/or natural coarse aggregate (NCA). Three SCC series were designed with a constant slump flow of 700 ± 30 mm, total binder content of 570 kg/m 3 and at water-to-binder (w/b) ratio of 0.35. Moreover, fly ash (FA) was used in concrete mixtures at 20% of total binder content. Mechanical aspects such as compressive, splitting tensile, and net flexural strengths and modulus of elasticity of SCC were investigated and experimentally computed at 28 days of age. Moreover, failure characteristics of the concretes were also monitored via three-point bending test on the notched beams. The findings revealed that the mechanical properties as well as fracture parameters were adversely influenced by incorporating of WG cullet. However, highest reduction of compressive strength did not exceed 43% recorded at 100% WG replacement level. Concretes containing WG showed less brittle behavior than reference concrete at any content.
Introduction
Turkey as one of the economically promising and developing countries has well operated waste management applications with over 2,000 scattered open dump areas. At the end of 2014, the manufacturers were responsible for collecting and recycling at least 60% of solid waste [1] . However, every year the amount of waste and its consequent disposal problems increased due to the increase in the standards of living, industrialization, and thus population. Moreover, among 25 million tonnes, about 17.5 million tonnes was disposed without any control [2] . Hence, waste recycling is deemed as the most suitable solution because it decreases the pollution of the nature and also helps to reuse energy production procedure. Glass waste is undesirable to disposal because it is nonbiodegradable which makes it environmentally less friendly; besides that the landfill capacity is being exhausted [3] .
Thus, discarded waste glass (WG) has become a substantial burden on the landfills throughout the world. The challenge of disposal of waste glass continues to increase whenever the amount of waste glass increases and decreasing the capacity of landfill space [4] . In general, not all the waste glasses are suitable to be remelted and used to make new products because of the color mixed glass and contamination by papers and other substances [5] . Therefore, it is essential to find a sustainable alternative to reuse and recycle this material. Glass is a unique inert and ideal material which could be reused too many times without any change in its chemical properties [6] . Concrete construction provides a significant market potential for waste glass recycling via decreasing the cost of concrete [3] . In the past decade, the increase of disposal costs and legislating environmental regulations encouraged several researchers to investigate again the use of glass as concrete aggregates. Hence, Kou and Poon [5] prepared SCC 2 Advances in Materials Science and Engineering with recycled glass aggregate. The authors investigated the fresh and mechanical properties and found that it was feasible to produce SCC with WG cullet until 30% replacement level. Afshoon and Sharifi [7] also concluded that WG cullet could be successfully used for producing SCC. In similar way, Sharifi et al., 2013 [8] , claimed that WG cullet as fine aggregate can be used to produce SCC in a standard manner. The author's results showed that there was no remarkable reduction in the strengths at 30% replacement ratios of WG and less. Likewise, Meyer et al. [9] emphasized that it was practically feasible to produce SCC by using full replacement level of WG cullet as aggregates beside a suitable amount of fly ash (FA) and superplasticizer (SP). Asokan et al. [10] added 5-50% glass fiber reinforced plastic waste to concrete and tested the compressive strength. The results indicated that the compressive strength varied from 19 to 37 MPa for concrete containing 50 to 5%, respectively. Furthermore,Özkan and Yüksel [11] utilized different percentages of WG to investigate the mechanical and durability properties of cement-based mortars. The results revealed that the decrease in strength at 30% replacement level was tolerable and the durability properties were also valid.
As for mechanical and strength aspects, WG cullet concrete was expected to be inferior to conventional concrete. Indeed, these parameters were essentially controlled by the interlocking bond between cement and aggregate as well as the strength of interfacial transition zone (ITZ). Hence, replacing the rough surface of NA by a smooth one for crushed glass particles necessarily led to drop in strength; also, further reduction of an already low ductility is expected for this concrete [9] . In this regard, several previous literatures [3, 5, 7, 12] emphasized that the compressive strength as well as other mechanical properties were adversely effected by the addition of WG cullet. Conversely, Sangha et al. [13] reported that WG concrete showed higher compressive strength value as compared with conventional concrete. The authors noticed an increase in the value of compressive strength at 10%, 40%, and 60% of green glass replacement levels.
The main problem in glass concrete is related to alkalisilica reaction (ASR), which was the major concern that thwarted the use of WG cullet in construction sectors [4, [14] [15] [16] . The chemical reaction occurring between abundant silica in glass particles and the alkali in pore solution of concrete was not well understood decades ago [9] . Although it is believed that ASR process causes volume expansion which leads to cracks, however, this reaction is not restricted for glass aggregates only. Indeed, natural aggregate (NA) such as strained quartz and opaline chert contains certain amount of silica which can cause the same problem. Furthermore, reliable test methods are needed to predict the potential reactivity of NA because this reaction takes years to manifest itself. Hence, glass is deemed as an ideal aggregate to investigate ASR phenomenon in order to mitigate its detrimental results [17] . In this regard, studies are carried out to suppress the ASR expansion in concrete and to find methods for minimizing its effects. Lam et al. [18] and others [3, 6, 14] reported that the incorporating of suitable pozzolanic materials such as FA, ground blast furnace slag (GBFS), or metakaolin (MK) in concrete mixtures can prevent and suppress this chemical action. Furthermore, Shi, 2009 [16] indicated that the expansion of concrete caused by traditional alkali-silica reaction was different from that of concrete containing glass aggregates. The author emphasized that WG concrete expanded when the moisture was present and when pH of the pore solution was greater than 12.
In spite the fact that several previous literatures investigated the effect of WG cullet (as fine and/or coarse grade) on the properties of concrete, but the fracture parameters of WG concrete have not been examined yet. Moreover, most of conducted studies not only avoid using extreme replacement levels of WG cullet but also tested only one grade of WG aggregate (fine or coarse) [5, 7, 8, 19] . In the present study, fracture properties of SCC as well as strength properties were inquired for multiple replacement levels of WG aggregate (as fine and/or coarse grade). Aside from control mix (CTR), three SCC series were designed with WG replacement levels of 0%, 20%, 40%, 60%, 80%, and 100% by weight of NA. Constant w/b ratio of 0.35 and total binder content of 570 kg/m 3 were applied to produce 16 SCC mixtures. Moreover, FA was utilized in these concretes at 20% of total binder content to suppress the ASR reaction. In this study, the strength characteristics of concrete were conducted in the term of compressive, splitting tensile, net flexural strengths, and static modulus of elasticity. Moreover, fracture parameters tested in this study were fracture energy ( ) and characteristic length ( ch ). All aforementioned tests had been performed at 28 days and the results were evaluated and compared statistically.
Experimental Program

Materials.
In this study, Portland cement used in all SCC mixtures was ordinary cement named CEM I 42.5 R and identical to the Turkish specifications TS EN 197 [20] which are fundamentally derived from the European EN 197-1. Moreover, FA was utilized in concrete as replacement material by weight of cement at 20% level. The chemical and physical characteristics of cement, FA, and glass are listed in Table 1 . The physical properties of WG cullet and NA were determined according to ASTM C127 [21] . In this regard, with specific gravity of 1.07, SP was employed to obtain the desired workability.
WG cullet was used at different replacement levels by weight of NA. In this regard, fine grade waste glass aggregate (WGFA) had a particle size of 0-4 mm and specific gravity of 2.53, while coarse waste glass aggregate (WGCA) was utilized with a particle size of 4-11.2 mm and specific gravity of 2.55 ( Figure 1 ). In effect, 24-hour absorption capacity of WG was too little and it could be neglected. Moreover, river sand type natural coarse aggregate (NCA) and natural fine aggregate (NFA) conforming to the TS 706 EN 12620-A1 [22] were used. The maximum sizes of NCA and NFA were 16 and 4 mm while 24-hour absorption capacities were 0.77% and 1.09% respectively. Moreover, the physical observation of WG had exhibited smooth surfaces, angular shape, and sharp edge. The physical characteristics and sieve analysis of the aggregates used in this study are demonstrated in Table 2 . 
Mixture Proportioning and Sample Preparation.
In addition to control mix (CTR) where NA were used as fine and coarse grade; 16 other concrete mixtures were designed and produced in a pan-type mixer with a 30 L capacity according to ASTM C192 [23] . SCC mixtures were subdivided into three series. In these mixtures, NA were replaced with WG cullet at replacement levels of 0%, 20%, 40%, 60, 80, and 100% by total volume of aggregate. In series I, NFA were replaced by fine grade WG cullet, while the mixtures in series II were made by replacing NCA with WGCA. Similarly in series III, concretes were incorporated with WG cullet for both coarse and fine grade. Thus, each series consisted of 5 mixtures according to replacement levels mentioned above. All concretes were prepared with a 570 kg/m 3 binder content and w/b ratio of 0.35. In this regard and to suppress the potential alkali-silica reaction, FA was used in these concretes at 20% of total binder content. Moreover, to achieve the desired workability, different percentage of SP was utilized. As shown in Table 3 , the concrete mixture codes were named basing on the mixture composition. For example, FWG0CWG0 indicated that SCC contained 0% WGFA and 0% WGCA.
Concrete casting sequence started with mixing aggregate and/or WG cullet with the binder for one minute until it homogenized. Then, water containing SP was added in two parts to avoid segregation and the concretes were mixed for 3 minutes. Later, concrete was left for 2 minutes to rest and it was mixed again for an additional 2 minutes to complete the mixing sequence. For all concretes produced in this study, slump flow with diameter of 700 ± 30 mm was assigned to meet the limitation of EFNARC [24] . For this, trial batches were conducted for each mixture until the target slump flow diameter was obtained.
Test Procedure
Strength and Modulus of Elasticity.
In the current study, the compressive strength test was conducted according to the limitation of BS 1881-116 [25] . The results were computed by average of three cube specimens (150 × 150 × 150 mm) for each mix at 28 days. Similar to compressive test, splitting tensile strength also considered the average of three cylinder specimens (100 × 200) according to ASTM C496 [26] , while static modulus of elasticity was carried out with respect to BSI 1881-121 [27] . In this test, (150×150×150 mm) cube specimens were employed to evaluate the elasticity of concrete. The specimen was subjected three times to 40% of maximum load, which was already specified through the results of compressive strength test. The values of modulus were measured by the average of the second two sets of readings whereas the first set was ignored for each cube. However, the average of at least three specimens was considered for each of abovementioned tests.
Fracture Parameters.
According to RILEM 50-FMC [28] , the work required to create one unit area of a crack is expressed as the fracture energy of materials. In cementitious materials, the fracture energy represents the indirect surface energy and it terms to the work of fracture [29] . Linear variable displacement transducer (LVDT) at midspan of samples was employed to measure the displacement simultaneously. As shown in Figure 2 (a), a 500 mm in length with a cross section of (100 × 100) prism was employed to evaluate the fracture parameters. For this, closed-loop testing machine, Instron 5500R, was used to apply load with a maximum capacity of 250 kN (Figure 2(b) ). In the same regard, the overview of testing machine was depicted in Figure 2 (c). In effect, 40 mm high notch was done via sawing the samples before testing. Thus, the ratio of notch to depth ( / ) was considered at 0.4. The fracture energy, in a single edge notched beams, was calculated via measuring the initial ligament area as well as the total dissipated energy. According to work of fracture (WFM) or Hillerborg's method, fracture energy, , can be expressed as [30] = ( − ) ,
where represents the total amount of WFM in the test, while the width and the initial notch depth of the beam are represented by and , respectively. In the same regard, RILEM [28] proposed a similar relationship to describe the fracture energy of three-point bending test taking into consideration the effect of single edge notched beam. The equation can be written as
where the terms , , , , and denote mass, the acceleration due to gravity, the specified deflection, span, and length of the beam, respectively. Moreover, the net flexural strength, flex , can be theoretically calculated as follows using (500 × 100 × 100 mm) prism specimens used in fracture test:
in which max is the ultimate load. In this regard, Hillerborg [29] described the brittleness of a material in WFM method through employing the fracture process zone length, which is related to the characteristic length parameter, as
where , , and st are the static modulus of elasticity, the fracture energy, and splitting tensile strength of the beam, respectively. Figure 3 in accordance with the replacement levels of WG cullet. It could be argued that the presence of WG as a full or partial replacement for NA inversely affected on the values of compressive strength. As shown in Figure 4 , the concretes with 100% WG replacement level revealed the highest reduction in strength. The corresponding reduction in the strength was in the range of 26%, 29%, and 43% for series I, II, and III, respectively, as compared with CTR mixture; also, the values of compressive strength were in the range of 53.0-65.2, 51.7-63.1, and 46.6-62.0 MPa, respectively. In series III, where mixtures were made of WGFA and WGCA, the lowest values of compressive strength were observed. However, the reduction in compressive strength was deemed as consistent with previous literatures [3, 5, 8, 9, 12, 14 ], except at high replacement level of series III where the reduction trend was more pronounced. Hence, the range of compressive strength was acceptable for various uses of structural concrete (between 46.6 and 65.2 MPa). In effect, the declining crushing strength of WG cullet is the main factor affecting on the strength of the produced SCC. This behavior attributes to the properties of glass which make it fragile when it is subjected to stress. Likewise, the high brittleness and poor geometry of glass aggregates lead to cracks which affect the adhesion between the glass particles and the cement paste. Indeed, the smooth surfaces and irregular particles shape weaken the mechanical interlocking [17] . Thus, WG cullet creates weak areas inside concrete matrix as well as weak ITZ strength leading to lower concrete strengths. Moreover, the microstructure of glass concrete contains more voids than conventional concrete due to the insufficient cement paste available inside the matrix which in turn adversely affects the bonding between concrete components [31] . Beside the smooth surface of the WG particles, the free water which is not absorbed by glass particles could accumulate at the surface of glass granules; leading to decrease in the strength of ITZ due to forming weak bond between them and cement paste. In the study of Tan and Du [30] , it was emphasized that the weak bond strength between glass particles and cement paste dominated the strength of ITZ. According to author's point of view, sharp edges and smooth surface of WG particles were responsible for the weakness of ITZ strength. In this regard, Lam [32] believed that the reduction in the compressive strength of the WG cullet masonry was related to the fineness modulus of aggregates where the most suitable particle size ranged from 3.5 to 4.5.
Results and Discussion
Strength Properties. The 28-day compressive test results of concretes are demonstrated in
The results of 28-day splitting tensile and net flexural strengths of SCC are depicted in Figures 5 and 6 , respectively. The WG concretes manifested splitting tensile strengths ranging between 3.33 and 4.59, 2.78 and 4.41, and 2.23 and 4.07 MPa for the first, second, and third series, respectively, as compared with 5.03 MPa recorded for CTR mixture. Obviously, the utilizing of WG cullet led to a decrease in tensile strength values depending on the level of replacement. Indeed, the reduction trend was more pronounced at high levels of glass replacement and in series III where glass was used as fine and coarse grade. For instant, the reduction in tensile strength was 33.8, 44.7, and 55.6% for series I, II, and III, respectively, compared with CTR mix. Similarly, flexural strength value followed the same decreasing trend observed Advances in Materials Science and Engineering for tensile strength. Indeed, as the WG cullet replacement level increased, the flexural as well as tensile strength of concretes decreased, compatible with previous authors results [3, 5, 8] . However, Sharifi et al., 2013 [8] , reported that, at low replacement levels, fine grade of NA and WG cullet results in more adhesion between the glass particles and cement paste, producing more flexural and tensile strength values. In this study, flexural strength of SCC was in the range of 2.88-4.97, 2.61-4.77, and 2.74-4.78 MPa for the first, second, and third series, respectively, compared with 5.41 MPa recorded for CTR mixture. In other words, full replacement level of WG resulted in a decrease in strength by 46.7%, 51.7%, and 49.3% for series I, II, and III, respectively.
In effect, the low tensile strength of WG concrete induces rapid spread of microcracks under the applied load; then the concrete fails under lower load than conventional. Moreover, the factors and reasons responsible for decreasing the value of compressive strength are the same in tensile and flexural strength. The fragile, smooth surface, sharp edges, and other physical properties again reduce the adhesion between the concrete components and thus negatively affect the strength of WG concretes. Moreover, the decrease in strengths might be due to the increase of porosity resulted by utilizing WG cullet as well as abundant mixing water. The tiny absorption capacity increases the availability of such water inside the concrete matrix contributing to the increase of porosity after it evaporates. Kou et al. [33] mentioned that free water would accumulate at the surface of particles due to smooth surface and insufficient water absorption of glass. Roberts [34] and others [3, 5, 12, 17, 30, 31] agreed with abovementioned point of view and reported similar trends.
The 28-day static modulus of elasticity for WG concretes is shown in Figure 7 . The static moduli of SCC varied from 23.37 to 18.88, 23.14 to 18.4, and 22.58 to 13.22 GPa for series I, II, and III, respectively. These values could be compared with the corresponding value of 24.77 GPa for CTR mix. The type of aggregate significantly affected on the elasticity of concrete via the elastic deformation of such aggregate which partially impacted the deformation of concrete. Hence, replacing NA by WG cullet decreased the modulus results particularly at high levels. For example, using 100% WG cullet caused a drop in the value of modulus by 23.7%, 25.7%, and 46.6% for the first, second, and third series of SCC. Although the elastic modulus of WG cullet is higher than NA, the cellular microstructure at ITZ region and the weak interlocking in WG concrete cause microcracking inside the concrete structure, leading to lower modulus value than equivalent reference concrete. However, the effect of glass on modulus property of concrete is deemed as the least affected attribute compared with other mechanical aspects [30] . Consistent with the previously reported, the generation of higher porosity due to availability of mixing water might also contribute to the lower elastic behavior.
In the current study, the variation of splitting tensile strength and modulus of elasticity with compressive strength 8 Advances in Materials Science and Engineering are depicted in Figure 8 . In this figure, an excellent correlation could be drawn between these parameters particularly with compressive strength of WG concretes. In this regard, Kou et al. [33] also found similar linear relationship for these parameters with the compressive strength, while Choi et al. [35] preferred to express this relationship via power equation with (1/3) exponent coefficient. Kou and Poon [5] observed good correlation between these parameters and drew a power relationship between compressive strength and modulus of elasticity for SCC mixtures. Hence, linear relationship between tensile and compressive strength by means of regression analysis could be employed via the results of this study. Moreover, the linear equation below with correlation coefficient ( 2 ) of 0.95 can describe this relationship:
Furthermore, the below equation expresses the relationship between static modulus of elasticity and compressive strength with 2 of 0.93:
where st , , and represent tensile strength, the modulus of elasticity, and the compressive strength of SCC, respectively. Indeed, the correlation factor, 2 , of equation above revealed that compressive strength of concretes was well correlated with the other mechanical parameters despite the different replacement levels of WG.
Fracture Characteristics.
The fracture parameter results of glass SCC tested in this study are summarized in Table 4 and graphically depicted in Figure 9 , in which mix FWG0CWG0 represents the control mix of the present study. In effect, the presence of WG cullet at any percentage causes a discrete reduction in maximum load value ( max ) recorded for concretes. In the load-displacement curve, the prepeak stiffness was considerably affected by incorporating WG in concrete. Hence, the highest value of peak load was recorded in CTR mixture at 3244 N; then it continuously decreased depending on the replacement levels and the grade of WG used in the concretes. The lowest values were observed for 100% replacement level of WG cullet. They were recorded as 1726, 1563, and 1646 N, for first, second, and third series. As shown in Figure 9 , as WG cullet was incorporated in concretes, a trend of decreasing could be noted. For instance, in series I, the reduction in recorded max was 8%, 12.6%, 20.1%, 30.5%, and 46.7% for 20%, 40%, 60%, 80%, and 100% replacement levels, respectively. Hence, it could be estimated that the peak load noticeably depended on the glass content inside the mixture. However, max values represent the highest bearing load which the samples can carry before the cracks appear which in turn are controlled by the strength properties of concrete. In effect, the prepeak and max-peak performances in load-displacement curve are affected by the microcracks and their extension in concrete. In WG concrete, cracks can more easily penetrate through the matrix than conventional concrete due to few amounts of stiffer NA [36, 37] . The physical properties as well as inferior strength of glass aggregate compared with NA contribute to the decrease in peak load. In the present study, most mixtures revealed extended final displacement even for WG concrete. Indeed, the variation in the tail of the softening branch referred to higher elastic behavior of concrete except at highest levels of series II and III, in which it showed higher brittle performance than other mixtures.
The variations of fracture energy ( ), the energy required to create a crack, are illustrated in Figure 10 and tabulated in Table 4 . The value of fracture energy for CTR mix recorded 160.2 N/m and gradually reduced until it reached to the range of 116.1-155.7, 85.1-145.7, and 79.3-132.3 N/m for series I, II, and III, respectively. In effect, the extreme reduction could be observed at 100% replacement level in each series. It recorded 27.5%, 46.8%, and 50.5% for the first, second, and third series, respectively, compared with CTR mixture. Previous publications emphasized that of concrete was related to the cement paste-aggregate interfacial bond and the microstructural heterogeneity in the concrete [37, 38] . The utilization of WG in concrete resulted in high porosity, easy crack penetration, and weaker ITZ region than reference concrete. These factors adversely affected and decreased the value of and hence denoted less brittle behavior.
Fracture parameters such as can be expressed as a function of compressive strength. According to CEB-FIB [39] , fracture energy can be related with compressive strength in the form of power function. Moreover, various investigators have suggested a direct relationship between these parameters [40, 41] . As shown in Figure 11 , fracture energy was directly proportional with compressive strength and the relationship could be expressed via the power equation below, with correlation coefficient ( 2 ) of 0.87: = 0.055
in which is the total fracture energy (N/m) and is the mean cube compressive strength at 28 days (MPa).
The brittleness of SCC can be measured via employing (4) proposed by Hillerborg [29] . In the present study, the results revealed that characteristic length ( ch ) computed from equation above gradually increased whenever WG replacing level increased. As depicted in Figure 12 , the highest value of ch was recorded for 100% replacement level mixtures regardless of WG cullet grade. Indeed, the value of ch increased by 20.6%, 22.6%, and 25.5% for mixtures FWG100CWG0, FWG0CWG100, and FWG100CWG100, respectively, which represented the highest value for each series (Table 4 ). These findings emphasized that WG cullet concrete was less brittle than reference mixture due to the fact that the glass had an adverse effect on the strength of concrete. The inferior bond strength between glass particles and cement paste, which degrades the ITZ of such concrete, produces an increase in stress concentration around aggregates. Thus, cracks may develop through aggregates leading to contraction in fracture process zone and the concrete could have a more ductile behavior [42] . The weak paste-aggregate interface and nonhomogeneous microstructure in WG concrete are responsible for the reduction in the brittleness of such concrete. Hence, the crack pattern is different than reference concrete.
In effect, few publications that dealt with the effect of WG cullet on the fracture parameters were available. Due to the brittleness being strongly related to the strength properties of concrete, WG cullet concretes revealed high brittle behavior. Compared with reference, WG concrete had a higher brittle behavior. This behavior attributed to the presence of cracks in aggregate phase causing changes in concrete fractal dimensions. Indeed, the fragile nature of WG cullet (which made it easy to rupture under stress) also reinforced this performance. Moreover, the lowest fractal dimension and smoother fracture surface are observed when the failure path passes directly through the aggregates [42, 43] .
In effect, the ductility index is controlled by the interlocking bond between cement aggregates which is deemed as weak in glass concrete. Hence, in this study lch revealed lower values whenever the strength increased in agreement with brittle behavior. Characteristic length could also be expressed as a function of compressive strength as shown in Figure 11 . In spite of the difference in the mix proportions of concretes, a good correlation could be written below to describe the relationship between characteristic length and compressive strength with 2 of 0.86:
where ch is characteristic length (mm) and is the mean cube compressive strength at 28 days (MPa).
Conclusions
(i) As WG cullet was incorporated and its content increased, the compressive strength values were negatively affected. However, among the three series of concretes, the reduction in strength did not exceed 26% and 29% for the first and second series, respectively, as compared to the corresponding reference mixtures. Except in series III, the decrease in strength became more pronounced with a maximum reduction of 43%. However, the lowest compressive strength was 46.6 MPa which was deemed acceptable for various uses of structural concrete. (ii) Splitting tensile strength, net flexural strength, and modulus of elasticity findings followed the similar trend observed in compressive strength results, while the reduction in these parameters was more pronounced at high levels of WG replacement and in series III where the glass was used as fine and coarse grade. (iii) Regardless of the replacement level of WG cullet, max , area under the load-displacement curve and fracture energy values revealed minimal values whenever glass aggregate was present and its content increased. Conversely, characteristic length recorded higher values for WG concrete indicating less brittle behavior than reference concrete. (iv) An excellent correlation between splitting tensile strength, modulus of elasticity, fracture energy, and characteristic length could be expressed as a function of the compressive strength. These relationships followed linear and power equations for mechanical and fracture parameters, respectively.
Additional Points
Highlights. Waste glass (WG) cullet was prepared through crushing green-colored glass bottles. WG cullet was used at different percentages. Self-compacting concretes (SCCs) were made with and/or without WG cullet. Strength properties of SCCs were adversely affected by the use of WG cullet. The uses of WG cullet resulted in lower fracture energy and higher values of characteristic length.
